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INTRODUCTION
Rickettsia africae, a spotted fever group rickettsia, is
the causative agent of African tick bite fever,
transmitted by hard ticks of the Amblyomma genus
[1]. Whereas Amblyomma hebraeum, a tick found in
large ruminants and wildlife species, is the most
common vector of R. africae in southern Africa,
epidemiological evidence indicates that Ambly-
omma variegatum is the predominant vector for the
rest of sub-Saharan Africa, and theWest Indies [1].
R. africae has also been detected in Amblyomma
lepidum from the Sudan and from Djibouti [2]. The
rates of R. africae infection in ticks in endemic area
are typically high, and may reach 100% [3]. Cattle,
wild game and other ungulates constitute the
principal hosts of the Amblyomma vectors,
although larvae and nymphs may also parasitize
birds and rodents. These ticks are known to
readily bite humans. In 1991, Kelly and Mason
demonstrated that A. hebraeum ticks collected in
Zimbabwe and naturally infected by R. africae
were capable of maintaining the rickettsia through
trans-stadial and transovarial transmission over
two generations [4]. The objective of this work was
to establish laboratory colonies of A. variegatum
ticks infected by R. africae to examine the vertical
transmission of the rickettsia in ticks.
MATERIALS AND METHODS
Forty-three engorged A. variegatum females collected from
Zebu cattle (Bos primigenius indicus) in Bingerville and from a
slaughterhouse in Port Boue¨t, Ivory Coast, Africa were
transported to Marseille, France. Ticks were stored until they
laid eggs in environmental incubators at 28C and 90% relative
humidity with a day ⁄night photoperiod of 16 h light : 8 h
dark. The DNA of each engorged female was extracted as
previously described [3]. DNA samples were tested by PCR
using the primers Rp CS.409p and Rp CS.1258n, which
amplify a 750-bp fragment of the citrate synthase gene (gltA) of
Rickettsia. Additionally, all PCR-positive samples were tested
for the ompA gene of Rickettsia using the primers Rr. 190.70 and
Rr. 190.701 [3]. Also, to check the presence of PCR inhibitors,
all samples that tested negative by PCR targeting rickettsial
DNA were tested for tick DNA by a PCR reaction using
primers amplifying a fragment of the 12S RNA gene of ticks
[5]. For all PCR procedures, negative controls consisted of
distilled water and DNA extracted from uninfected Rhipiceph-
alus sanguineus ticks from colonies of our laboratory that were
added to the PCR master mix instead of tick DNA. Eggs of
infected females and all subsequent life-cycle stages were
maintained under the same environmental conditions. New
Zealand White rabbits (Oryctolagus cuniculus) were used as the
hosts for all developmental stages [5]. Eggs, larvae and
nymphs obtained from A. variegatum females infected with
R. africae were thereafter tested over successive generations by
speciﬁc real-time PCR performed in a Smart Cycler tool using
primers traD-F (5¢-CAATGCTTGATCTATTTGGTAG-3¢) and
traD-R (5¢-CTTCCTTTTCTCTAAGCTATGC-3¢), and a Taqman
probe (5¢-FAM-TTATGGTGCTAACTCCATGCGTGATG-
TAMRA-3¢) targeting a fragment of the traD gene (D. Raoult,
unpublished). The transovarial transmission rate (the propor-
tion of infected females giving rise to at least one positive
egg ⁄ larva) and the ﬁlial infection rate (the proportion of
infected eggs ⁄ larvae obtained from an infected female) were
estimated [5].
RESULTS
Three females tested negative by PCR but were
shown to have PCR inhibitors. In total, 33 out of
40 (82.5%) ticks were found to be infected by
R. africae when ampliﬁed products were
sequenced (GenBank accession number: gltA gene,
U59733; or ompA gene, U83436). Three females
found to be infected were used for the experiment.
Pooled eggs from each of these ticks tested
positive for R. africae infection. Twenty pairs of
adults of the second generation were attached to
rabbits until engorgement. When females were
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tested after having laid eggs, all females (20 ⁄ 20)
were shown to be positive by R. africae real-time
PCR. The pools of eggs (third generation) obtained
from each of these females tested positive (20 ⁄ 20)
by PCR (Fig. 1). The ﬁlial infection rate of R. africae
in A. variegatum ticks was estimated at 93.4%,
when 57 ⁄ 61 larvae from the three infected females
of third generation were tested.
CONCLUSION
This study demonstrates, for the ﬁrst time, the
trans-stadial and transovarial transmission of
R. africae in naturally infected A. variegatum. The
vertical transmission rate (the product of the
transovarial transmission rate and the ﬁlial infec-
tion rate) has been shown as a population prev-
alence, which is most useful for comparison with
infection rates in nature. The results of this study
support the idea that A. variegatum acts as a vector
but also as a reservoir for R. africae. As a conse-
quence, the geographical distribution of R. africae
parallels that of A. variegatum ticks. The high
transovarial and trans-stadial transmission rates
(100%) and ﬁlial infection rate (93.4%) explain the
high rates of R. africae infection in Amblyomma
ticks, as demonstrated in the ticks that were
collected for this study.
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Fig. 1. Study of the vertical transmission of Rickettsia africae in naturally infected Amblyomma variegatum ticks. TOT,
transovarial transmission, the proportion of infected females giving rise to at least one positive egg or larva; FIR, ﬁlial
infection rate, proportion of infected eggs or larvae obtained from an infected female. The life cycle of infected
A. variegatum under laboratory conditions (with the use of a rabbit for the ﬁrst time to our knowledge) was as follows: pre-
oviposition 9–14 days; oviposition to hatching 53–60 days; larval feeding 6–10 days; nymphal premoult 15–20 days;
nymphal feeding 6–10 days; adults premoult 19–21 days; females feeding 15–23 days.
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